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| INTRODUC TI ON
Worldwide, colorectal cancer (CRC) is responsible for 1 400 000 new cases and more than 600 000 deaths each year, two-thirds of which are related to liver metastases. 1 It is a major public health problem. Moreover, in Asia, including Japan, China, South Korea, and Singapore, the incidence of CRC has increased two-to fourfold in the past two decades. 2 In patients with CRC, the liver is the most common site of metastases and approximately half of patients develop liver metastases during the course of their disease. 3 Hepatic resection is the only treatment that can provide the possibility of prolonged survival or even cure for patients with colorectal liver metastases (CRLM). It is associated with 5-year survival rates ranging from 16% to 71%. 4 Moreover, although approximately 80% of patients with CRLM are unfortunately found to be unresectable at the time of diagnosis, recent innovations in the treatment of CRLM have enabled hepatic resection for such patients, and their 5-year survival rate has reached 33% to 50%. [5] [6] [7] Consequently, the treatment strategy for CRLM, either initially resectable or unresectable, should be directed toward their potential resectability.
In recent decades, much effort has been made to increase resectability for patients with unresectable CRLM, and various strategies have been established to improve their prognosis. 4, 8 First, advancement of systemic chemotherapy with or without targeted therapies has enabled surgical treatment for even initially unresectable CRLM by downsizing the tumors, by the so-called "OncoSurge approach". 4, 9 Currently, this strategy has shown clinical benefit in many studies and a recent systematic review reported that the objective response rate and the R0 resection rate were 64% and 87%, respectively. 7 Second, a shift of surgical indications for CRLM from old criteria has enlarged the population of resectable CRLM. 4, [10] [11] [12] Innovations in surgical techniques and perioperative management have pushed the boundaries of resectability, and many published studies have shown the efficacy and safety of these shifts. 4, [13] [14] [15] [16] [17] [18] Third, the development of surgical procedures such as portal vein embolization (PVE), 19, 20 radiofrequency ablation (RFA) combined with hepatectomy, 21 twostage hepatectomy (TSH), [22] [23] [24] and associating liver partition and portal vein ligation for staged hepatectomy (ALPPS) 25, 26 have expanded the indications of surgery for patients with unresectable CRLM with a survival benefit to selected patients.
4,27
Management of CRLM is difficult in the absence of data from randomized controlled trials (RCT) to guide decisions and because of the wide variety of factors influencing the strategy (e.g. initial resectability, synchronicity of CRLM, timing of surgery, role of laparoscopic surgery, type of chemotherapy regimen, and pre/postoperative management). 8 Physicians must personalize treatment for each patient. To achieve this objective, multidisciplinary approach (MDA) has increasingly been implemented for cancer care services. 28, 29 For the improvement of patients' prognosis, the treatment strategy for CRLM should be directed toward resectability, and it is recommended that all patients with CRLM should be treated by specialized multidisciplinary teams (MDT) individually to decide the best strategy. 4, 8, 30 In this article, we address the importance of MDA for the management of CRLM and topics that are currently under debate to personalize the treatment strategy for each patient in relation to his/her disease.
| MULTIDISCIPLINARY APPROACH FOR CRLM

| Chemotherapy to achieve resectability
The majority of patients with CRLM are initially unresectable, and they must be treated by chemotherapy to achieve resectability as their prognosis is obviously much better if metastases can be removed surgically than if they cannot be resected. [5] [6] [7] The LiverMetSurvey
International Registry now involving over 25 000 patients from 326 centers in 71 countries has shown that the 5-year survival rate was 32% for approximately 4000 initially unresectable patients that became resectable thanks to efficient chemotherapy ( Figure 1 ).
Which are the best conditions for an OncoSurge approach? The first is optimal first-line chemotherapy because there is a strong correlation between the resection rate and the response rate to chemotherapy. 31, 32 Now, some image assessments (e.g. early tumor
shrinkage, depth of response, and metabolic response) evaluating response to preoperative chemotherapy are used as a surrogate marker to predict long-term outcome. 33, 34 In the last two decades, chemotherapy has made tremendous progress. Before 1990, 5-fluorouracil . 32 More recently, the use of triplet cytotoxic combinations with 5-FU plus both oxaliplatin and irinotecan (FOLFOXIRI) has translated into higher response and resectability rates. 35 Moreover, by adding targeted therapies, anti-epidermal growth factor receptor (anti-EGFR) or anti-vascular endothelial growth factor (anti-VEGF)
antibodies to these regimens, high response rates (>50%) and long median survival (~30 months) have been achieved. 8 Regarding the better choice of targeted therapies for optimal first-line chemotherapy, tumor RAS mutational status should be taken into consideration as a pretreatment biomarker. Patients with RAS wild-type disease should be treated with anti-EGFR antibody-containing regimen as first-line chemotherapy followed by anti-VEGF antibody-containing regimen. 36, 37 Meanwhile, patients with RAS mutant disease or F I G U R E 1 Overall survival probability after hepatic resection of initially resectable vs unresectable colorectal cancer liver metastases unknown RAS status should be treated with anti-VEGF antibodycontaining regimen. 38 To further increase the resectability rate or treat patients who escape to conventional chemotherapy, another possibility is hepatic artery infusion (HAI). Several studies have
shown that HAI could provide a better response rate, a high rate of secondary resection with downsizing in the majority of tumors, and good survival rates. 39, 40 This was recently confirmed by a European
RCT showing that using triplet infusion of 5-FU, oxaliplatin, and irinotecan into the hepatic artery with systemic cetuximab in patients with RAS wild type having a median of 10 liver metastases, the primary endpoint was met with a R0-R1 hepatectomy achieved in 30% of the patients and a high response rate, even after they have escaped one or two lines of systemic chemotherapy. 41 Thus, HAI may be a second chance for patients with unresectable CRLM not responding to systemic chemotherapy. Furthermore, recently, the efficacy of an immune checkpoint blockade for various types of cancer has been established. 42 In patients with metastatic CRC, the objective response rate of antiprogrammed death-1 antibody was 40%-69% for mismatch repair-deficient CRC. 43, 44 In future clinical practice, further investigation of immune checkpoint blockade is warranted for use in patients with CRLM.
The second condition is a short duration of first-line chemotherapy. This means that preoperative treatment to induce resectability should be as short as possible because the more cycles we do before surgery, the more toxicity the liver may suffer, and the fewer cycles we can deliver after surgery. We know that prolonged chemotherapy causes a "blue liver" related to giving oxaliplatin or a "yellow (steatotic) liver" related to prolonged dosage of irinotecan, and these livers are exposed to a higher risk of morbidity and mortality. 45, 46 In addition, because the aim of the OncoSurge approach is to achieve resectability only, not a complete response, we recommend that the optimal timing for the assessment of response to chemotherapy is every 2 months. When there is a possibility of resectability, at least four courses of chemotherapy should be given as first line, and if either progression or stable disease occurs during first-line treatment after 4 months, second-line treatment should be considered.
Overall, a total duration of 6 months of perioperative chemotherapy is recommended. 4, 47 Consequently, physicians should continue to seek the opportunity of surgical intervention, even after failure of first-line chemotherapy.
| Shift of the surgical indication for CRLM
Hepatic resection is the only treatment that can provide the possibility of prolonged survival or even cure for patients with CRLM. 4, 6 The
LiverMetSurvey International Registry shows that in patients with CRLM who underwent hepatic resection, the 5-and 10-year survival rates are 42% and 25%, respectively, and that of operated but non-resected patients is only 9% (Figure 2 ). Although resection is the only means to prolong survival, a minority of patients with CRLM are resectable at the time of diagnosis. 5 The recent progression of surgery for CRLM is a shift of surgical indications from old criteria that were very strict (e.g. fewer than three metastases, less than ses. In the past, the presence of more than three CRLM was considered a contraindication for resection. 10 Although innovations in F I G U R E 2 Overall survival probability of patients with colorectal cancer liver metastases resected vs unresected surgical techniques and perioperative management have increased the chance for surgery in patients with unresectable CRLM, the oncological dogma of "no more than three CRLM" has been progressively challenged. 4 Now, resection of multiple bilobar hepatic metastases has shown survival benefits and even patients with more than 10 metastases may have a 30% 5-year survival after resection. 13, 14 Another shift is surgical resection margin. Of course, the gold standard for the surgical management of CRLM is complete resection with histologically negative margins (R0 resection). 52 Several studies have shown that the so-called R1 resection (tumor-free margin <1 mm) is associated with worse overall survival (OS) than R0
resection (tumor-free margin ≥1 mm). 53 However, it is sometimes impossible to achieve adequate surgical margins as a result of contact of the tumor with vascular structures and, by necessity, R1 resection could be worthwhile. In the current era of effective chemotherapy, surgical margin status did not impact survival status in patients who received perioperative chemotherapy, especially for patients with a good response. 15, 17 The last point of shift is surgery for elderly patients with CRLM. Even considering patients more than 80 years old, long-term survival is valuable. 16, 18 Consequently, many factors that previously contraindicated surgery have changed and the criteria for surgical indications for CRLM are permanently evolving.
| Development of new surgical procedures
In the past, patients with unresectable disease were treated with palliative chemotherapy. 4 In recent decades, many efforts have been made to increase resectability for patients with unresectable CRLM, and various strategies have been established. 4, 8, 27 PVE was developed for patients with extended hepatectomy to induce ipsilateral atrophy and contralateral compensatory hypertrophy of the remnant liver, thereby preventing severe postoperative liver failure, 19 and PVE increased the resectability rate of initially unresectable CRLM. 20 Likewise, RFA combined with hepatectomy has been shown to be safe and feasible in patients with unresectable CRLM. 21 However, for patients with extensive bilateral multinodular CRLM, a single hepatectomy even with such specific procedures as PVE or RFA could be insufficient to remove all of the tumors. In 2000, we reported the concept of TSH, based on two sequential procedures to remove multiple bilateral tumors that are impossible to remove by a single hepatectomy. The procedure uses the liver regeneration obtained after the first procedure. 22 During the next decade, this procedure has evolved in combination with PVE and effective chemotherapy and has been adopted by many specialized centers worldwide with promising short-and long-term outcomes. 23, 24, 54 However, its major drawback is the dropout risk as a result of disease progression and insufficient hypertrophy between the two stages, making resection impossible in 25%-38% of patients prepared to undergo TSH. 24, [55] [56] [57] To overcome this dropout risk, a German group has demonstrated an alternative treatment, so-called ALPPS. 25, 26 They have added TSH to a splitting of the liver in a plan of future hepatectomy and demonstrated a volume increase of 74% of the remnant liver in a period of only 9 days, allowing TSH to be done even during the same hospitalization of the patient. 26 Although the advantage of ALPPS is, of course, its high feasibility, its increased frequency of severe complications and perioperative mortality are worrisome problems, and its long-term outcome is also controversial. In the initial study, 68% of the patients experienced complications and the surgical mortality rate was 12%. Recently, from a North European group, RCT evaluating the early outcome between ALPPS and TSH showed that morbidity and mortality rates are comparable, as the feasibility of ALPPS is also higher. 57 However, long-term outcomes still remain to be elucidated. In our initial experience, the survival rate seemed to be lower after ALPPS as compared to TSH. 26, 58 In order to elucidate the role of ALPPS regarding oncological outcomes, further studies are hopefully expected. Despite these advances in surgical procedures, many patients with CRLM are still regarded as unresectable.
For such patients, today, we may reconsider the possibility of liver transplantation (LT). In the past, LT for patients with CRLM was an absolute contraindication because of organ shortage and the low long-term survival. One-and 5-year survival following LT for CRLM carried out before 1995 was 62% and 18%, respectively, and perioperative mortality after LT was approximately 30%. 59 However, 
| Multidisciplinary approach for CRLM
The strategies discussed herein are only possible with discussion of MDA and this approach is increasingly favored for cancer care. 28 From a first prospective study to assess the impact of MDT in various gastrointestinal cancers, changes of treatment recommendations occurred in more than one-third of patients after discussion of MDT. 64 Also, for the treatment of patients with CRLM, it has been proposed that all patients with CRLM be managed by specialized hepatobiliary MDT to select the best strategy. 4, 8, 30, 47 MDA is a patient-centered approach routinely carried out by such experts as medical oncologists, surgeons, radiologists, and pathologists, and the team works together to choose the appropriate treatment, with feedback to patients and physicians. 4, 28, 29 Hence, the key to MDA is collaboration between specialists. Advantages of MDA include no dogmatic decisions, quick decision strategy, dynamic re-evaluation of the patient with good treatment at good timing, and synergy in the efficiency of all treatments. To improve patients' prognosis by MDA, the medical oncologist requires the surgeon for resectability decision-making and timing of surgery.
Meanwhile, the surgeon needs the medical oncologist to make unresectable patients resectable, to control the disease before surgery, and to prevent recurrence after surgery. Another key of MDA is the necessity for expert decision-making on treatment strategies for CRLM. It was reported that almost two-thirds of patients with CRLM deemed unresectable by non-specialists were considered potentially resectable by experts in liver surgery. 65 This means that management of patients with CRLM without the involvement of a liver surgery specialist can deny patients potentially curative treatment. In connection with this, a populationbased study of hepatic resection for CRLM across England showed that the rate of hepatic resection for CRLM varied very significantly across hospitals. 66 Also, in the FIRE-3 trial, the resectability rate among hospitals varied from 25% in university hospitals to 16% in non-university hospitals, and to only 10% in medical practice oncology or private institutions. 67 These variations relied on the absence of expertise in some centers. Consequently, expertise is very important to try to expand the surgical indications and to select the best strategy for patients with CRLM.
| CON CLUS IONS
The aim of treatments for patients with CRLM is to achieve liver resection, which provides the best long-term patient outcome. Over the last two decades, the advent of more effective chemotherapy as well as the development of new surgical procedures has dramatically improved the prognosis. In the future, new treatment procedures (e.g. immune checkpoint blockade, LT) are still likely to contribute to an improved outcome. We recommend that all patients with CRLM be managed by specialized hepatobiliary MDT to select the best strategy. All specialists must work together with a common aim for the patients: the possibility of cure and, if not, that of prolonged survival.
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